In this paper, we analyze the process B s → ℓ + ℓ − in a general model II 2HDM and MSSM. All the leading terms of Wilson coefficients relevant to the process are given in the large tanβ limit. It is shown that the decay width for B s → ℓ + ℓ − depends on all parameters except m A 0 in the 2HDM. The branching ratio of B s → µ + µ − can reach its experimental bound in some large tanβ regions of the parameter space in MSSM because the amplitude increases like tan 3 β in the regions. For l=τ , the branching ratio can even reach 10 −4 in the regions. Therefore, the leptonic decays of B s could put a constraint on the possible contributions of neutral Higgs bosons and consequently the parameter space in MSSM.
Introduction
B s → l + l − , as one of flavor changing neutral current processes, is sensitive to structure of the standard model and to the possible new physics as well, and is expected to shed light on the existence of new physics before the possible new particles are produced at colliders. Theoretically, it is more clean to do calculations of the observables for the process by the effective Hamiltonian approach because only the nonperturbative quantity involved is the decay constant of B s and it is relatively easy to be reliably calculated by so far well-known nonperturbative methods such as QCD sum rules, lattice gauge theory, Bethe-Salpeter approach, etc. Therefore, it provides a good window to probe new physics. Experimentally, The 95% confidence level upper bound on the B s → µ + µ − branching fraction has been given [1] :
(1.1)
The planned experiments at B-factories are likely to measure branching fractions as low as 10 −8 [2] . Compared to the rare decay B → X S γ, B s → l + l − (as well as B → X s l + l − ) is of more advantage for the study of Higgs sector in the large tanβ case in a model II two Higgs doublet model (2HDM) or supersymmetric models (SUSY) since the contributions to B → X s γ coming from Higgs sector are indeed independent of tanβ when tanβ is larger than a few ( say, 4 ).
The branching ratio for B s → l + l − has been calculated in SM and beyond SM in a number of papers [3, 4, 8] . In a recent paper [9] the process in a model II 2HDM with large tanβ is reanalyzed. It is correctly pointed out that the contributions of the box diagram at the leading order of tanβ are missed and a minus for the contribution of A 0 penguin diagram involving H ± and W ± in the loop is also missed in the earlier literature [3, 4, 5] . However, there are some points in the paper which need to be clarified. First, the argument that the trilinear H ± H ∓ H( H=h 0 , H 0 ) couplings should not be considered as tanβ enhanced is not correct, as we shall argue below. Second, although the contribution of box diagram is the same order as those of penguin diagrams in the large tanβ limit it is numerically smaller than those of penguin diagrams and consequently that the box diagram gives the dominant contribution in the 't Hooft-Feynman gauge is not true. The contributions of box diagram in the analysis in supersymmetric models are also missed in the previous papers [6, 7, 8] . The contributions are omitted in the refs. [14, 16] since they neglect the mass of a lepton in calculating Wilson coefficients. Therefore, it is necessary to carry out a complete analysis in a model II 2HDM and SUSY.
The paper is organized as follows. Section 2 is devoted to the effective Hamiltonian responsible for b → sl + l − . We calculate Wilson coefficients in a general model II 2HDM and SUSY with large tanβ in section 3. In particular, the missed box diagram contributions in SUSY have been added. In section 4 we present the numerical results. In section 5 conclusions are drawn. Finally we give contributions to Wilson coefficients C Q i from individual diagrams in a general 2HDM and MSSM in the appendix. And the contribution to C 9 from the box diagram which is missed in the literature is also given in the appendix.
Effective Hamiltonian for
The effective Hamiltonian describing the flavor changing processes b → sℓ + ℓ − can be defined as
where λ t = V tb V
The QCD corrections to coefficients C i and C Q i can be incorporated in the standard way by using the renormalization group equations. Q i (i = 1, · · · , 10) does not mix with O 8 , O 9 so that the evolution of C 8 and C 9 remain unchanged and are given in ref.
[10]
It is obvious that operators O i (i = 1, · · · , 10) and Q i (i = 3, · · · , 10) do not mix into Q 1 and Q 2 and also there is no mixing between Q 1 and Q 2 . Therefore, the evolution of C Q 1 , C Q 2 is controlled by the anomalous dimensions of Q 1 , Q 2 respectively.
where 
are involved and the important thing we need to do is calculating the Wilson coefficients of the operators at µ = m W . C 9 (m W ) has been calculated in SM [13] , in a 2HDM [10] and in SUSY models [14, 16] respectively. C 9 (m W ) in the 2HDM is the same as that in SM for large tanβ scenario. The box diagram contributions to C 9 (m W ) (as well as C 8 (m W )) in SUSY which are proportional to tan 2 β are missed in the previous calculations [16, 6, 7, 8] . C ′ Q i s have also been calculated in 2HDM [5, 4, 9] and in SUSY [6, 7] . However, some leading terms in the large tanβ limit are missed in the previous papers. We shall calculate C 9 and C Q i at µ = m W in the next section in order to give a complete and correct result.
By using the equations of motion for quark fields, we have Consider two complex hypercharge Y = 1, SU(2) W w doublet scalar fields, φ 1 and φ 2 . The Higgs potential which spontaneously breaks SU(2) × U(1) down to U(1) EM and conserves CP symmetry can be written in the following form [17] :
Hermiticity requires that all parameters are real. If λ i ≥ 0 the potential is semi-positive and the minimum of the potential is at 15) thus breaks SU(2) × U(1) down to U(1) EM . From the potential the mass eigenstates are easily found as follows. The charged Higgs states are 16) where the mixing angle β is defined by tanβ=v 2 /v 1 . The CP-odd states are
17)
The would-be Goldstone bosons G ± and G 0 are eaten by the W and Z bosons. The physical Higgs boson masses are 20) results in the CP-even eigenstates
with masses
and mixing angle
where λ ± = 4λ 3 ± λ 5 . In the potential (3.14) there are 8 parameters : λ i , i=1,...,6, v 1 and v 2 . Because, as said above, v 2 is fixed by m W , there are seven independent parameters in a general CP invariant 2HDM. Six of them can be expressed in terms of mixing angles α and β and Higgs masses m H ± , m A 0 , m H 0 , m h 0 . The seventh needs to be fixed by measuring one of the quartic coupling in (3.14) . For the simplicity we shall assume λ 1 = λ 2 hereafter so that we have six independent parameters in the model. Taking λ 1 = λ 2 , eqs.(3.22, 3.23, 3.24) reduce to
The three equations show explicitly that the angle α as well as masses m H 0 , m h 0 can be traded for λ i , i=1,3,5 (or, equivalently, 1,+,-) no matter how large tanβ is. That is, α, as one of the set of six independent parameters which contains both α and β as well as others, can take any value independent of tanβ, as it should be. Therefore, the statement in ref. [9] that the angle α depends on β is not correct. When tanβ approaches to infinity, if (4λ 1 + λ − ) and consequently m
h 0 is order of cotβ, say, (4λ 1 + λ − )= c tan2β with c a constant of order one., then sin2α is order of one. If (4λ 1 + λ − ) is order of one, then in the large tanβ limit it follows that sinα ∼ cotβ or 1-cot 2 β /2 so that sin2α goes always as cotβ which would cancel the tanβ enhancement. However, it is valid only at tree level. Once the radiative corrections are included the relations change, which is similar to the situation that happens in the Higgs sector of MSSM, i.e., the radiative corrections violate the tree level mass relations and one treats Higgs boson masses as free parameters to be determined by experiments. Here, we should keep the same attitude. That is, we should treat α as well as β and Higgs masses as free parameters in the general 2HDM defined above. Therefore, the tan 2 β enhancement due to the trilinear H ± H ∓ H( H=h 0 , H 0 ) couplings should be considered, as we did in ref. [5] .
As usual, in the model II 2HDM the Higgs-fermion Yukawa couplings are given by
where Φ c = iτ 2 Φ * . So down-type quarks and charged leptons (up-type quarks) are given mass by their couplings to Φ 1 (Φ 2 ).
Feynman rules in the above general 2HDM have been given. Vertices with one or two gauge bosons and vertices involving two fermions and one boson are given in ref. [18] . The three Higgs boson vertices can be found in ref. [4] . The vertices involving one Goldstone boson and two Higgs bosons have also been given in ref. [18] . We use these Feynman rules in calculations of Wilson coefficients.
As pointed out in section II, for large tanβ, C 9 (m W ) in the 2HDM is the same as that in SM. The leading contributions to C Q i in the large tanβ limit come from the diagrams in Fig. 1 . In our previous paper [5] we paid attention to the contributions of neutral Higgs bosons and missed the contribution from the box diagram involving one charged Higgs and one W boson which is order of tan 2 β in the large tanβ limit [9] . We carry out a calculation for the diagram and confirm the result in ref. [9] . In the paper we include the contribution and correct a sign for A 0 penguin. In order to separate contributions from individual diagrams, we write C Q i as
, and C P Q i denote the contributions from self-energy type diagrams, box diagrams, and Higgs penguin diagrams, respectively. In appendix A we present all contributions proportional to tan 2 β in Feynman-t'Hooft gauge. Adding all tan 2 β contributions together, we have
33)
where
.
The difference between eq.(3.30) and the result in ref. [9] is that the first term in eq.(3.30) is incorrectly omitted in ref. [9] . It is worth to note that in the above equations m b =m b (m W ).
In SUSY
In the minimal supersymmetric standard model (MSSM) or supergravity model (SUGRA) the Higgs sector is the same as a model II 2HDM but imposing the following constraints on the parameters [18] :
And all Feynman rules can be found in ref. [18] . In addition to Fig. 1 , the diagrams in Fig. 2 also give the leading contributions. Besides box diagrams, five different sets of contributions to the decay b → sl + l − are present in supersymmetry. They can be classified according to the virtual particles exchanged in the loop: a) the SM contribution with exchange of W − and up-quarks; b) the charged Higgs boson contribution with H − and up-quarks; c) the chargino contribution with χ − and up-squarks ( u); d) the gluino contribution withg and down-squarks ( d); and finally e) the neutralino contribution with χ 0 and down-squarks. As pointed out in refs. [14, 15, 7] , contributions from neutrilino-down type squark (e) and gluino-down type squark (d) loop diagrams are negligible compared to those from chargino-up type squark diagrams because the flavor mixings between the third and the other two generations are small in minimal supergravity and constrained MSSM. Therefore, in addition to the SM (a) and charged Higgs (b) contributions, we only include the contributions from chargino-up type squark (c) loop diagrams in the paper.
In some regions of the parameter space the dominant contribution to C Q i is proportional to tan 3 β and comes from the self-energy type diagrams, as pointed out in ref. [6, 7] . In quite a large region of the parameter space the dominant contribution is proportional to tan 2 β. Box diagrams can contribute terms with tan 4 β to C Q i which are greatly suppressed by (m s /M W ) 2 , therefore the largest contributions from SUSY box diagram remain proportional to tan 2 β. While penguin and self-energy type diagrams do not contribute the tan 2 β enhancement to C 9 (m W ), the box diagram with charginos in the loop can contribute to it. The contributions of the self energy type and penguin diagrams have been calculated by us in refs. [6, 7] . We calculate the contributions of the box diagrams and summarize all contributions in the appendix B. Adding all contributions given in the appendix B, one has
Numerical results
Below we assume no CP violating phases from 2HDM and SUSY. As said in section II, there are 6 free parameters in the 2HDM which are tanβ, α, m h 0 , m H 0 , m A 0 , m H ± . In MSSM, in addition to the above 6 parameters, 7 extra free parameters, mc L , mt L , mt R , A t , M 2 , µ, and mν τ are needed in order to calculate the Wilson coefficients. In Table. 1 we list all SM inputs for our numerical analysis. Numerical results are given in Figs 30) ). Fig. 5 shows the tanβ dependence of Br and one can see from it that the contributions coming from C ′ Q i s can dominate when tanβ is large enough (say, larger than 80). In most of the large tanβ region in the parameter space Br is order of 10 −8 , an order of magnitude larger than that in SM.
The numerical results in MSSM are presented in Figs. 6-9. We present the correlation between C 7 and C Q 1 for l = µ and l = τ respectively in Fig. 6 and 7 where the absolute values of C 7 are taken from the data of B → X s γ [20] with the 2σ errors imposed. We set mt 1 
, and tanβ as random free parameters. They vary in the range 180-300 GeV, 250-450 GeV, 200-400 Gev, 160-360 Gev and 25-50 respectively. Other parameters are fixed as given in Table 2 . We get about 3000 permitted points among 25000 points. SUSY contributes mainly through theũ * kχ i d vertex, which is determined by the mixing between Higgsinos and Winos and the mixing between stops. The vertex appears in Feynman diagrams which describe the processes b → sγ and b → sl + l − so that there exists a correlation between C 7 and C Q i . In some large tanβ regions of the parameter space in MSSM, SUSY contributions interfere destructively with the SM contributions and SUSY contributions can be so large that they can overwhelm those from the SM and the Higgs sector so that the sign of C 7 is changed compared to that in SM, as shown in Fig. 6 and 7. In the regions C ′ Q i s are proportional to tan 3 β and consequently can compete with C 9 for l=µ and be much larger than C 9 for l=τ . We also calculate the correlation between C Q 1 and C Q 2 in the regions and it follows that C Q 1 ≈ −C Q 2 .
The contribution to C 9 which is proportional to tan 2 β coming from chargino-chargino box diagrams is numerically the same order as other contributions from chargino-chargino box or chargino-up type squark penguin diagrams. As a whole SUSY contributions to C 9 give about 10% corrections to the SM value. Taking C Q 1 in the allowed range in Figs. 6 and 7 and C Q 2 ≈ −C Q 1 , we draw the branching ratio of Figs. 8 and 9 , given C 9 being the SM value with 10% variations. Figs. 8 is for l=µ and Fig. 9 for l=τ . From Figs. 8,9 , we can see that Br(B s → l + l − ) is more sensitive to C In summary we have analyzed the decays B s → ℓ + ℓ − in the model II 2HDM and SUSY with large tan β. Although these decays have been studied in these models before and reanalyzed recently, it seems that no complete analysis exists so far. We have calculated all leading terms in the large tanβ limit. We found that in addition to the Higgs boson-W boson box diagram, the chargino-chargino box diagram gives also a contribution proportional to tan 2 β, the former to C Q i (i=1,2) and the latter to C i (i=8,9). The contributions from NHBs always increase the branching ratios in the large tanβ case so that the branching ratios in the 2HDM and in SUSY are larger than those in SM. We have numerically computed the branching ratios for l=µ and τ . In the 2HDM the ratio for µ is about 10 −8 , an order of magnitude larger than that in SM, if tanβ = 50 or so and the other parameters are in reasonable range. We have shown the dependence of the ratio with respect to the mixing angle α and neutral Higgs boson masses. The ratio increases when the splitting of the masses of the two CP even neutral Higgs bosons increases except for the case of the mixing angle α=0. In MSSM the ratio for µ can saturate the experimental bound in some regions of the parameter space where C
In the other regions where C ′ Q i s (i=1,2) behave as tan 2 β the ratio is about the order 10 −8 . The ratio for l=τ reaches 10 −4 in the regions of the parameter space in which Br(B s → l + l − ) saturates the experimental bound. In the near future when very high statistics can be reached [2, 19] measurements of the decays B s → l + l − (l=µ, τ ) could provide a large potential to find or exclude the large tanβ parts of the parameter space in 2HDM and/or SUSY.
By computating the self-energy type, Higgs-penguin and box diagrams, C
with the superscript denoting the type of a diagram are extracted out, as given below
B Wilson coefficients in MSSM B.1 Feynman rules and conventions
In this subsection we present our convention. In order to avoid the trouble in dealing with charge conjugate operation, we choose χ − as the particle. The interactions of dũχ, Hχχ, Hũũ, and Hdd can be expressed as:
58)
In (7.58) and (7.59) K is the standard CKM matrix, andm u andm d are defined as
H h can be expressed as
65)
66)
The 6 × 6 mass matrix of u-type squark is given as
where each block is a 3 × 3 matrix. A is defined by Y u = Ah u , while Y u is the trilinear coupling matrix of up-type squarks, and h u is the Yukawa coupling of up-type quarks. The 6 × 6 T matrix is defined as
Convention of chargino masses is given as
73)
With these, it is straightforward to extract Feynman rules.
B.2 C 9 , C Q 1 and C Q 2 in SUSY Wilson coefficients are extracted from the transition amplitudes by integrating out heavy particles. C 9 is given as C 9 = C 9,z + C 9,B (5.76)
By computating the self energy type, Higgs-penguin and box diagrams, C ij Q 1 and C ij Q 2 with the first superscipt denoting the type of a diagram and the second superscript a Higgs boson or a superparticle in the loop of the diagram are extracted out, as given below
92)
, xũ k , (5.93)
, xũ k , (5.94) Fig. 3 The branching ratio of B s → µ + µ − as functions of M H 0 in the 2HDM. Curves labelled by 1, 2, 3 corresponds to α = 0, π/8, π/4 respectively. Other parameters are chosen to be M h 0 = 120 GeV, M H ± = 250 GeV and tanβ = 60. Fig. 4 The branching ratio as functions of α in the 2HDM. Four curves labelled by 1, 2, 3, 4 corespond to M H 0 = 220, 320, 420, 520 GeV respectively. Other parameters are the same in Fig. 3 Fig . 5 The branching ratio as functions of tanβ with α = π/8 in the 2HDM. Four curves are classified as in Fig. 4 . Other parameters are chosen as in Fig. 3 . and tanβ as free parameters in MSSM. and tanβ as free parameters in MSSM. 
